Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

8-1970

Conditional Discrimination: Generalization Outside the Range of
Training Stimuli
Martha D. Itkin

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Experimental Analysis of Behavior Commons

Recommended Citation
Itkin, Martha D., "Conditional Discrimination: Generalization Outside the Range of Training Stimuli" (1970).
Master's Theses. 2979.
https://scholarworks.wmich.edu/masters_theses/2979

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

CONDITIONAL DISCRIMINATION:
GENERALIZATION OUTSIDE THE RANGE
OF TRAINING STIMULI

by
Martha D# Itkin

A Thesis
Submitted to the
Faculty of the School of Graduate
Studies in partial fulfillment
of the
Degree of Master of Arts

Western Michigan University
Kalamazoo, Michigan
August 1970

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ACKNOWLEDGEMENTS

For their intellectual impetus as well as their
practical guidance through the preparation of this the
sis, I wish to thank Dr. Richard W. Malott and Marilyn
K. Malott. Their suggestions and advice were of immeas
urable value and any expression of appreciation is
inadequate. I would also like to thank Dr. Jack Michael
and Dr. David Lyon for their comments in the preparation
of the final manuscript. Finally I would like to express
my gratitude to my husband, Edward, for his willing and
patient assistance in the execution of the research de
tails.
Martha D. Itkin

ii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

M -2 5 1 8

ITKIN, Martha Deanne, 1947CONDITIONAL DISCRIMINATION: GENERALIZATION
OUTSIDE THE RANGE OF TRAINING STIMULI.
Western Michigan University, M.A., 1970
Psychology, experimental

University Microfilm s, Inc., A nn Arbor, M ichigan

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE OF CONTENTS

ACKNOWLEDGEMENTS.................................... ii
INDEX OF FIGURES.................................... iv
INTRODUCTION........................................ 1
METHOD

.......................................... 19

Subjects.......................................... 19
Apparatus......................» ................... 19
Procedure*

..............................

20

RESULTS............................................ 26
DISCUSSION.......................................... 33
CONCLUSION.......................................... 39
REFERENCES.......................................... 40

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

INDEX OF FIGURES
Figure

Pa£ e

1

A hypothetical stimulus-stimulus
map showing the relation between
colors on either half of the key
in stimulus matching.

5

2

Left:
an example of a conditional
discrimination, stimulus matching.
Right:
an example of a conditional
discrimination, scaling.

8

3

A hypothetical stimulus-stimulus
map showing the relation between
line angle and background color
in scaling.

11

4

Application of the ratio of the dis
tance of the,test background color
to each of the two training colors,
for three different test background
colors.

18

5

Generalization gradients for all
subjects for all test background
colors used.

28

6

Relative perceptual distances of
background colors.

33

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The present experiment is part of a series of exper
iments concerned with multi-dimensional stimulus general
ization (Malott and Malott, in press; Malott, Malott, and
Svinicki, 1967; Malott, Malott, Pokrzywinski and Sobol,
1967; Svinicki, 196S; and Liebold, 1969). These experi
ments frequently involve conditional discrimination train
ing. Conditional

discriminations are based on the rela

tion between two

or more aspects of the

stimulus;the

availability of reinforcement in the presence of one as
pect of the stimulus is dependent upon the value of an
other aspect of the stimulus. Further, these experiments
often involve an

orderly pairing of the

ulus dimensions so that when new

values

values ofstim
are introduced

in a generalization test, there is a possibility that
the subject may exhibit responding on the basis of that
orderly relation.
An example of a conditional discrimination training
procedure of this sort is matching discrimination train
ing in which a pigeon's key peck responses are reinforced
when the colors on both halves of the response key match,
and are extinguished when the colors do not match. Stim
uli in the presence of which responses are reinforced will
be called S+s; stimuli in which responses are extinguished
will be called S-s. In a study using pigeons by Malott and
Malott (in press) the S+s were matching combinations of

1
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red and violet: both halves of a key red (R-R) or both
halves violet (V-V) . The S-s were the non-matching com
binations of red and violet: red on the left with violet
on the right (R-V) or violet on the left with red on the
right (V-R) . In a subsequent generalization test, con
ducted in extinction, with matching and non-matching com
binations of the novel colors, blue and yellow, a match
ing discrimination was demonstrated; i.e., response rates
were higher in the presence of the matching stimuli than
in the presence of the non-matching stimuli. Thus the
matching discrimination generalized to novel colors with
in the range of training colors; i.e., training with val
ues on the two ends of the color continuum produced a
matching discrimination with values in the middle of the
continuum.
Another study by Malott and Malott (in press) shows
generalization of a matching discrimination to novel col
ors outside the range of training colors. The S+s were
the matching combinations of blue-green and green, and
S-s were the non-matching combinations. In subsequent
generalization tests with matching and non-matching com
binations of red and yellow, a matching discrimination
was demonstrated.
On the basis of the results of these studies, a
graph may be predicted relating the colors on either half
of the key in generalization tests following matching
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discrimination training; this is shown in Fig. 1. For ex
ample, if in a generalization test, the color on one half
of the response key were always red (constant color on the
abscissa), and the color on the other half were varied
(variable color on the ordinate), response rate should be
highest when the color on the varied half is also red. In
another generalization test, if the color on one half of
the response key were violet, and the color on the other
half were varied, response rate should be highest when the
color on the varied half is also violet. Use of interme
diate constant colors should produce peaks at the cor
responding intermediate matching colors. In other words,
the graph in Fig. 1 should be linear with a slope of
one and an intercept where the axes meet. This type of
relation will be called a stimulus-stimulus map; in the
more usual psychophysical terms, it is the familiar equal
response contour. The stimulus value at which the peak
of the generalization gradient over the variable stimu
lus aspect occurs is plotted as a function of the value
of the stimulus aspect held constant in a generalization
test. Although the studies reported did not actually
test over the entire color continuum (only two colors
were used in each test), the data support the notion
that, regardless of what colors are used in matching
discrimination training, training with the minimum num
ber of colors for matching (two) will produce a Stimulus-
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Figure 1.

A hypothetical stimulus-stimulus map

showing the relation between colors on either half of
the key in stimulus matching.
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6
stimulus map as shown in Fig. 1. Experiments on matching
are currently being conducted in which gradients over the
entire color continuum will, in fact, be obtained; thus
the notion will soon be tested empirically.
The stimuli in stimulus matching can be functionally
transformed from colors on both halves of the key to col
ored backgrounds and line angles as follows: given the
stimuli on the left in Fig. 2, let the function of red on
the right be- performed by a 90° (vertical) line and let
the function of violet on the right be performed by a 0°
(horizontal) line. The color on the background will per
form the function of color on the left half of the key.
The transformation is shown on the right in Fig. 2. This
way R-R is logically equivalent to a 90° line on a red
background (R-9Q° ), V-V to a 0° line on a violet back
ground (V-0° ) , V-R to a 90° line on a violet background
(V_90°), and R-V to a 0° line on a red background (R-0° ) .
With these changes there is still a conditional discrim
ination involving a lawful pairing of the values of the
stimulus dimensions.
Following this line of reasoning and considering
the results of the previous matching studies, Svinicki
(Svinicki, 196S; Malott and Malott, in press) conducted
an experiment using R-90° and a horizontal line on a
blue-green background (BG-0°) as S+s, and R-0° and BG-90°
as S-s. Here, as in the matching case, there is an orderly
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Figure 2.

Left: an example of a conditional dis

crimination, stimulus matching. Right: an example of a
conditional discrimination, scaling.
)
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pairing of stimulus dimensions so that the possibility
exists of responding on the basis of that order. That is,
the values on the ends of two continua have been paired
in training so that the subject may also show signs of a
pairing of the values in the middle. Svinicki predicted
that, whereas generalization testing over line angles
with a constant background at either training color would
produce a peak at the corresponding training angles,
testing with a novel background color in between bluegreen and red would produce a peak at a novel line angle
in between 0° and 90°. Fig. 3 shows the hypothetical
stimulus-stimulus map or equal response contour demon
strating this prediction. This function would, of course,
not necessarily be linear.
The results of his study show that with a bluea

green constant background the peak of the generalization
gradient was at 0°; with a red constant background the
peak of the generalization gradient was at 90°. These
were the training combinations and thus the expected
results. With a yellow constant background, during the
first 1/3 of the test, the peak of the median generali
zation gradient was at 60°. This effect disappeared as
testing continued, and during the last 2/3 of the test
the peak was at 90°, the training S+ for red. The results,
for the early part of testing, were interpreted in terms
of sensory scaling. Using line angle units, yellow was
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Figure 3*

A hypothetical stimulus-stimulus map

- showing the relation between line angle and background
color in scaling.
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considered to be 60 units from blue-green and 30 units
from red. An empirical stimulus-stimulus map, similar to
that in Fig. 3, was constructed demonstrating that scale.
The Svinicki (1966) scaling study was a logical fol
low up to the Malott and Malott (in press) matching exper
iment in which the matching relation generalized to novel
stimuli within the training range. The next logical step
is a follow up to the Malott and Malott (in press) match
ing study in which the matching relation generalized to
novel stimuli outside the training range. The present ex
periment is concerned with whether the color-line angle
discrimination will generalize to stimuli outside the
training range. Training will occur with S+s R-90° and a
60° line on a yellow background (Y-60° ) , and S-s R-60°
and Y-90° ; tests over line angles from 0° to 90° will occur
with yellow-green and blue-green backgrounds.
Malott and Malott (in press) discuss the possibility
of summated, weighted generalization gradients around the
S+ to account for their results. Such gradients are use
ful to account for results with matching where testing
occurred both within and outside the range of training
stimuli; they are useful with scaling where testing oc
curred within the training range. For example, in the
Svinicki (1966) study, it is possible that weighting the
gradients for the red and blue-green backgrounds in some
manner and calculating their algebraic summation could

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

produce a peak at 60°, the peak angle for the yellow back
ground gradient. It was shown that the empirical gradients
could not, in fact, summate in this manner to produce a
peak at 60°; any such summation would produce peaks at one
or both of the training angles. Possibly some more com
plicated transformation of the data, which would change
the shapes, but not the monotonic decrease in responding
as a function of the distance from the training angles,
would accomplish this, however.
Malott and Malott (in press) were also able to pre
dict the Svinicki scaling results. By means of an equa
tion, they predicted the peak of the generalization gra
dient when yellow was the background color. The equation
is based on responding at training angles in the presence
of yellow. It, in essence, weighted the training angles
according to the relative number of responses which oc
curred at these angles for a given background color. It
then averaged the weighted training angles in order to
obtain a value in between them.
angles were

In

this casethe training

0° and 90°, and the novel background color was

yellow. Thus the formula that predicts the location of
the peak from the relative rates at 0° and 90° is Z =
[(X x 0°) + (Y x 90°)] / (X + Y) where Z is the peak
angle, X is

the relative number of

responsesemitted to

0° and Y is

the relative number of

responses emitted to

90°. If X were equal to Y, the formula predicts that the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

peak of the gradient would be at 45°, half way between 0°.
and 90°. With the Svinicki data, the formula predicts a
peak at 62° in the presence of yellow; this value closely
agrees with the empirical results. This formula may be
useful for the prediction of results of multi-dimensional
stimulus generalisation when gradient peak shifts occur
inside the range of training stimuli; however, it obvi
ously cannot predict shifts outside the range.
Boakes (1969) presented another approach to scaling
which may be compared to the Malott and Malott formula.
In Boakes' experiment, pigeons were trained to respond on
a right key in the presence of a high intensity light and
on a left key in the presence of a low intensity light.
The subjective midpoint between the high and low inten
sity lights was found by withholding reinforcement and
presenting intermediate intensity lights; the intensity
at which the subject responded on 50 percent of the trials
on the right key and 50 percent on the left key was taken
as the midpoint.
As in the Malott and Malott and the Svinicki exper
iments, Boakes' experiment establishes a conditional dis
crimination: when the high intensity is present, the
rignt key is S+ and the left key is S-; when the low in
tensity is present, the left key is S+ and the right key
is S— . Using the color-line angle stimuli one could obtain
data similar to Boakes* by ignoring the data for angles
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between 0° and 90° and computing the percent of respond
ing to the 0° and 90° angles in the presence of the yel
low background. If other generalization tests had been
conducted, with new background colors, presumably the
relative response rates to 0° and 90° would have shifted
accordingly; some background color would have produced
equal response rates in 0° and 90°, and this would be
taken as the midpoint.
In the present study on scaling, if shifts outside
the training range are obtained, the notion of gradient
summation would be disqualified. Any summation of gradi
ents with peaks at 90° and 60° (the training angles in
this study) could not possibly yield peaks outside the
training range.
However, if the peak of the generalization gradient
shifts to a value inside the training range, or if it does
not shift at all (i.e., it remains at a training angle),
summation of gradients could function to account for the
data. It might also be possible to utilize the formula
for averaging training stimuli to predict the results.
In the present case of scaling, a shift to the
outside of the training values would be expected in terms
of an orderly relation between stimulus dimensions being
upheld; novel stimulus values outside the training range
in one aspect of the stimulus should also produce gener
alization gradients with peaks outside the training
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range with the other stimulus aspect. However, a shift
to the inside of the training range may be reasonably
explained.
By means of a ratio, it is possible to see an in
creasing effect of the angle gradient for the farthest
training color as the testing color moves away from the
training colors. The ratio is the distance, of the test
background, Te, from the closest training color, Tr^,
divided by the distance of the test background from the
farthest training color, Tr2 : (Te - Tr^) / (Te - Tr^).
This ratio increases as the test background moves away
from the two training colors. Fig. 4 shows the applica
tion of this ratio to three test colors, each farther
away from the training colors. The effect of the increase
in ratio is to give greater weight to the farthest train
ing color so that the angle gradient corresponding to
this color comes into effect. This factor could be work
ing regardless of the continuum used. In the present case,
the additional factor of a perceptually circular color
continuum could also work to bring the gradient for the
farthest training color into control as the test back
ground moves away from the training colors.
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Figure 4.

Application of the ratio of the dis

tance of the test background color to each of the two
training colors, for three different test background
colors.
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METHOD
Subjects
The subjects were nine experimentally naive White
King, barren, hen pigeons, housed in individual cages.
Three subjects died during the course of the study. No
data are shown for two subjects which died very early in
the experiment, and several generalization gradients are
missing for the other one. The subjects were fed at the
end of each experimental session or once daily when ses
sions were not held so that at the start of each experi
mental session, they would be at 70$ of their free-feed
ing weight. Purina Pigeon Grains were used to maintain
weight and served as the reinforcer. Grit and water were
continuously available in the home cage.
Apparatus
Three Lehigh Valley Electronics pigeon test cham
bers (#1519c) were used. In the first chamber, Box A,
subjects labelled A-10-10, A-10-11, and A-10-12 were
trained and tested; subjects B-10-10, B-10-11, and B10-12 were trained and tested in Box B, and subjects
C—10— 10, C-10-11, and C-10-12 in Box C. In each chamber,
the houselight was off and the window was covered. Only
one response key was operative, and it consisted of a
transparent plastic paddle in the back of a hole 1 in. in
diameter. Visual stimuli were presented behind the paddle
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with an Industrial Electronics Engineers, Inc. one plane
readout model #10-3043-l8l5-L and G.E. 47 lamps. Kodak
Wratten filters were used to illuminate the entire key
with restricted bands of wavelengths. Their numbers were:
# 6 $ for 501.2 nm (blue-green), # 74 for 5 3 3 .0 nm (green),
# 99 for 5 5 4 .6 nm (yellow-green), # 73 for 5 7 1 .0 nm (yellow),
and # 72-b for 605.7 nm (red). White 1/E in. x 1 1/8 in.
lines were superimposed on the colored backgrounds. These
lines were centered on the key and could be projected at
angles 0 ° (horizontal), 15°, 30°, 45°, 60°, 75°, and 9 0 °
(vertical). The background color and the line angle on
the key could be varied independently of one another.
Masking noise was presented through a speaker in the
chamber. A fan provided ventilation and additional maskring noise.
Programming during training was done automatically
with solid state digital switching circuitry. In early
generalization tests, the stimuli were manually controlled,
but later an automated generalization test method was
developed which programmed stimulus presentations during
testing. Time, responses, and reinforcements in each stim
ulus presentation were recorded with elcctro-mechanical
equipment.
Procedure
Through the use of standard operant conditioning
procedures, the subjects were trained to eat from the
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food magazine and to peck the response key. The stimulus
on the key alternated between two S+ (i.e., stimuli asso
ciated with reinforcement) combinations: a red (R) back
ground along with a white 90° line (R-90° ) , and a yellow
(Y) background along with a white 60° line (Y-60° ) . The
stimulus was changed after each reinforcement. When the
key peck response was established, the subject received
50 reinforcements on a continuous reinforcement (CRF)
schedule. Reinforcement consisted of a 3 sec presenta
tion of the food magazine accompanied by the magazine
light. When the subject received 50 reinforcements within
5 min, S- stimuli (i.e., stimuli correlated with extinc
tion) were introduced: a red background along with a
white 60° line (R-60°), and a yellow background along
with a white 90° line (Y-90°). The S- period remained in
effect until 30 sec had passed since the last key peck
response. The stimulus was changed to an S+ whenever
such a 30 sec period had elapsed. S+s continued to be
terminated at the end of reinforcement and were followed
by S-s. The two S+s were alternated with each other, and
the two S-s alternated with each other making a fixed
sequence of the four stimuli.
The schedule in S+ was increased each time the
discrimination ratio, S- rate divided by S+ rate, appeared asymptotic over a 6 day period, and the S+ response rate
equalled or exceeded 25 responses per min. Asymptote was
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determined by visual inspection of the graph of the dis
crimination ratio plotted as a function of sessions. The
schedule increments were random interval (RI) 8 sec, RI 16
sec, RI 32 sec, and RI 64 sec. With the 64 sec schedule,
the probability of reinforcement for the first response
in each successive 4 sec period was l/l6 (Farmer, 1963).
The other schedule values were obtained by varying the
probability value. Sessions were conducted 5 days per
week and lasted until 50 min had elapsed or 50 reinforce
ments had occurred, whichever came first.
After 6 days at asymptote on the RI 64 sec schedule,
the subjects were tested in extinction for generalization
along the line angle continuum. A 50 min session of nor
mal training was conducted on the day immediately pre
ceding the test, at the same hour of the day that the
test was to be given; the test itself was preceded by
10 min of warm-up exactly like training. The color of the
background was held constant in each test; the stimuli
during the generalization tests were the 7 line angles.
Three testing procedures were used. In Type 1 tests
the stimuli were presented in 14 blocks of 7 stimuli,
each value appearing once per block. The stimulus ap
peared on the key for 20 sec followed by a time-out
(period of complete darkness) for 10 sec. The line angle
was changed during time-out. The number of responses oc
curring in each stimulus presentation.was recorded.
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In Type 2 tests, the time-outs were eliminated in
order to make the test situation less discriminable from
the training situation and thus generate more total res
ponses in the test. During Type 2 tests, the stimuli were
presented in order along the line angle continuum from
1 through 7 , then from 7 through 1 , for lk total blocks
with no time-outs separating stimuli. The number of res
ponses in each stimulus was recorded for the first 1/3
and the last 2/3 of the test rather than for- each individ
ual block.
In Type 3 tests, a single random order of the 7
line angles was selected before each test and was repeated
in all 14 blocks. The number of responses in each stimu
lus was recorded for the first 1 /3 and the last 2/3 of the
test.
The background colors used during testing were bluegreen (BG), yellow-green (YG), yellow (Y), and red (R).
Most of the sequencing of tests may be seen by studying
Fig. 5, ignoring the data for now. The graphs for a given
subject are shown in one row. Columns represent different
constant colors. For example, test 2 for subject A-10-11
was with a Y background and the test was Type 1 (first
row, first column); test 5 was Type 2 with a YG background;
test 6 was Type 3 with a BG background; etc. The missing
tests (#s 1, 3, and 4) were tests with a YG background in
which a criterion, at least 50 responses at the maximum of
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the generalization gradient, was not met. The missing
tests in which the response criterion was not met for
subject B-10—11 (#s 2 and 3) were with a Y background.
The missing tests for B-10— 12 (#s 1 and 3) were with a
YG background; this subject died after test 4. The miss
ing tests for C-10—11 (#s 1, 2, 3, 4, and 5) were with a
BG background (#s 1 and 2), a YG background (#3)» and a
Y background (#s 4 and $)..The missing test for C-10-12
(#1) was with a BG background.
For any given subject, the first criterion test was
either Y (3 subjects) or YG (5 subjects). The order of the
next four tests was the same for all subjects: BG, R, Y,
and another Y. Each test was separated from the next one
by continued training sessions until 6 days of asymptotic
behavior was again obtained.
Prior to generalization tests using a BG background,
the subjects were given training sessions on an RI 64 sec
schedule in the presence of a plain BG key with no line;
no S—s were presented during these sessions. The normal
discrimination training schedule was resumed in the fol
lowing sessions until discrimination ratio and response
rates stabilized. Another session with BG was then given.
This process continued until behavior in normal training
sessions was no longer affected by the insertion of the
BG training. Criterion for testing was met if the next
session following a BG session generated the asymptotic
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rates. This training procedure was introduced in order to
establish responding in the presence of BG, a novel stim
ulus. The results of earlier tests with BG backgrounds
and no BG training showed little or no responding. To gen
erate criterion responding in tests, some prior training
in the presence of BG was necessary.
As a comparison procedure, the same procedure was
used with Y before the final I generalization tests. Each
subject was given training on RI 64 sec schedule in the
presence of a plain Y key with no S-, according to the
same criteria used for BG.
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RESULTS
Fig. 5 shows the generalization gradients from all
the tests in which the criterion of 50 responses at maxi
mum was attained. The stimulus in the presence of which
the subject responded most was taken as 100$, and the per
centages for the other stimuli were calculated from this;
these values appear on the ordinate. The line angle values
appear on the abscissa. The number written near the peak
of each gradient is the number of responses emitted at
maximum. The test type and the test number are also given
for each gradient. All of the gradients in a given column
are for the same background color. All of the gradients
in a given row are for the same subject. The bottom row
contains the median gradients. The median gradients were
calculated from the individual absolute generalization
gradients of all the subjects and then percentage values
were obtained.
The first two columns of gradients in Fig. 5 show
the results of the first generalization tests in which
Y and YG were the background colors. For all subjects
but one, C-10-12, the peaks of both gradients are at 60°.
C-10-12*s gradients for both the Y and the YG background,
show a subpeak at 60°, but the major peak is at 30°.
Since 60° was the S+ angle for the Y background, and 90°
was the S-, the peak at 30° may represent a peak shift
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Figure 5»

Generalization gradients for all sub

jects for all test background colors used.
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away from the S- due to discrimination training, as ob
served by Hanson (1959). In any case, there is no essen
tial difference-between the gradients for the Y background
and those for the YG. Median generalization gradients
strongly support a conclusion of no difference between
Y and YG gradients; both peak at 60°, the S+ angle for
Y, and are highly similar in form.
Inspection of the first two columns of gradients
reveals that neither test type nor test order has any
significant effect upon the shape or the peak of the gra
dients. Y and YG gradients obtained by the same test type
(Type 1 or Type 2) are no more similar than gradients
derived from different test types. Further, although the
order of the tests in the testing sequence varied between
subjects, the results were the same. Therefore test order
seems to have no effect upon the results.
In the Svinicki (1968) study, the Y background
generalization gradients were analyzed into first 1/3
and last 2/3- This analysis revealed a change in the
peak location of the gradient as the test progressed. In
order to ascertain whether the same phenomenon was affect
ing the results in the present study, a similar analysis
was made of the YG background gradients. Inspection of
these and other gradients provided no evidence of

a

consistent peak shift early in testing for any test num
bers or background colors.
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The gradients obtained with a BG background are
shown in column 3 , and those for the R background are
shown in column 1+ of Fig. 5* All individual R gradients
and the median gradient peak at 90°, the training S+ value
for R. For the BG background, A-10-11 shows a peak at 90°,
C-10-12 shows a peak at 90° and is rather flat from 90°
to k5°, and A-10-12 and B-10-11 have peaks at 75°• These
gradients all look more like the R gradients for the par
ticular subjects than like their Y gradients; they are in
every case, however, flatter than the R gradients. The
exception is C-10-11; this subject shows a peak at 60°
and the gradient is similar to the Y gradient. In sum
mary, except for one subject the BG gradients look more
like the R gradients and there seems to be some tendency
for the peak to shift from the 90° training angle toward
75°. It should be recalled that, prior to obtaining the
BG gradients, sessions of training with a BG background
without the line were interspersed between regular discrim
ination training sessions.
In order to determine the effects of repeated test
ing upon, the generalization test performance, each sub
ject was given a second Y background test. Fig. 5 shows
these results in the fifth column. The second Y gradient
is not essentially different form the first, except that
it is frequently flatter. The first Y gradient for C-10-12
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had a principle peak at 30° and a secondary peak at 60°;
the second Y gradient is reversed, with a principle peak
at 60° and a secondary one at 30°. The gradient for B-10-11
is rather flat from 75° to 45°, and that for A-10-12 is
flat from 60° to 30°. A-10-ll's gradient is rather flat
from 90° to 60°, hut the peak still occurs at 60°. C-10-11
still shows a steep gradient with a peak at 60°. In gen
eral, the gradients are flatter than in the first Y test,
but high responding still centers around the 60° S+ an
gle for Y; when the BG gradients are compared with the R
and the second Y gradients, they still appear more like
the R. Also the introduction of test Type 3 seems to have
made no significant difference.
A third Y background test was given each subject
after training in the presence of the background color
with no line. These results are shown in Fig. 5, column
6 . The gradient for A-10-11 is flat from 90° to 60°, with
a peak at 75°• The gradient for C-10-11 is flat from 75°
to 45°. C-10-12 produced a peak at 45°, the midpoint
between the former peaks and subpeaks. The median peaks
at 45° and. is rather flat from 75° to 45°. High response
rates still tend to center around the 60° S+ angle for Y,
and the gradients are still quite different from the cor
responding BG gradients for the individual subjects.
From the above results it may be concluded that
several factors have the effect of flattening the gradient
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around the peak: new test type, continued testing, sin
gle color training prior to a generalization test using
that color as background, or some combination of these.
There is no essential change in the gradient since res
ponding still centers around the training S+ for Y, 60°.
These results imply that the flatness of some of
the BG gradients may be due to one of the three factors
mentioned and not necessarily due to the use of the BG
background. Without BG pre-training, for example, the BG
gradients might be even more similar to the R gradients.
In summary, the results indicate that the YG gra
dients are similar to Y gradients, and that BG gradients
are similar to R gradients, with some possible tendency
to shift toward the middle of the range of the training
angles.
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DISCUSSION
The similarity of the line angle gradients for novel
color backgrounds to those for the training backgrounds
was unexpected considering the previous matching and scal
ing results. In the Malott and Malott (in press) exper
iment, in which matching discrimination training was
given for colors at one end of the continuum and subse
quent testing was given for colors outside the training
range, the matching discrimination generalized; in the
generalization test response rates were higher in match
ing combinations of the novel colors. In the Svinicki
(1963) scaling study in which training was given for
stimuli at either end of the continua, generalization
testing at an intermediate color value produced a peak
at an intermediate line angle. Based upon these results,
it was expected that in the present study a generaliza
tion test in the presence of a novel color outside the
training range would produce a peak at an angle value
outside the training range. In the present experiment,
peak shifts were obtained either to the inside of the
training range or not at all.
As indicated above, Malott and Malott (in press)
discuss the possibility of predicting the previous data
on matching and scaling in terms of summation of training
gradients and in terms of averaging S+ values which are
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weighted according to the numbers of responses which
occur at these values. On the other hand, the previous
data may imply that the subject was responding on the
basis of an orderly pairing.of stimulus dimensions. In
the present study, if shifts were obtained to the outside
of the training range, the latter interpretation would be
upheld. However, since shifts were either not obtained
or were to the inside of the training range, the inter
pretation in terms of summation of gradients was upheld
and prediction by averaging S+ values was possible. With
BG a tendency to shift to the inside of the training
range was obtained and with YG no shift was obtained. The
lack of any shift for YG could be due to the small number
of line angles between the training angles or to the near
ness of YG to Y.
Since no peak shifts outside the range of training
values were obtained, it is possible that the formula for
averaging S+ values may fit the present data. The original
formula is modified to eliminate the predicted shift in the
generalization gradient when training backgrounds are pre
sent. The new formula is:

fc

x )m° + (y - y. )n°

<xc - xa> + (yc - yb }
where Pc is the peak angle for some color c, xc is the
relative number of responses at m° for color c, x
relative number of responses at m°
sence of which n° is S+, y

is the

for color a in the pre

is the relative number of
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responses in n° for color c, and

is the relative num

ber of responses in n° for color b in the presence of
which m° is S+.
In the median generalization gradient for a YG back
ground, the values (for m° = 60° and n° = 90°) are xc=l00,
xa=12, yc=13, and y^=5. Calculating from this, Pyg=62.5.
This is in agreement with the conclusion, based on the
graphs, that the YG gradients are similar to the Y and
peak at 60°. Since test angles were 15° apart it would be
impossible to observe a peak shift to 62.5 in the present
experiment.
In the median generalization gradient for a BG back
ground, the values (for m° = 60° and n° = 90°) are xc=&9,
x&=12, yc=100, and yb=5» Calculating from this, Pbg=76.6.
This also agrees with the previous conclusion based on the
generalization gradients, that the BG gradient has some
tendency to shift toward the middle of the range of the
training angles.
The fact that the wavelength continuum perceptually
approaches being circular raises the question of whether .
the circular nature of the continuum is necessary in order
to obtain the present results. This also brings in the pos
sibility of an alternative interpretation of the data. In
the present data there was some indication that the BG
gradient was shifted from 90° toward 75°• For purposes of
illustration, assume that the peak occurred at 75°, half
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way in between the S+ angles for R and Y. The Svinicki
(196#) data imply that Y is 60 line angle units (degrees)
from BG and 30 from R. Putting these data together in
relative terms, we would obtain a picture similar to that
shown in Fig. 6 . Here Y is twice as far from BG as it is
from R. Since the present data may imply that BG is about
half way between Y and R perceptually, it must, in these
terms, be the same distance from Y as from R. It may be
that, with YG, no shift to the inside should be obtained
because it should be located as shown in Fig. 6 ; possibly
a shift to the outside should be obtained but was not
detected because of either the small number of test angles
used or the fact that YG is very near to Y. Perhaps a
shift to the outside would be obtained with a green back
ground color.
In the Svinicki (196B) study, the peak at an inter
mediate angle in the presence of an intermediate color,
was observed only after the test data were analyzed and
separated in first 1/3 and last 2/ 3 . This analysis dem
onstrated that the effect appeared at the beginning of
testing and disappeared by the end. However, when a simi
lar analysis was made of the present data, no consistent
change in the peak location occurred. The reason for this
discrepancy is not clear.
In any case, the above interpretations of the data
are highly speculative and a large scale parametric study
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Figure 6 .

Relative perceptual distances of back

ground colors.
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in which training and test values are varied is needed
before any definite conclusions may be reached.
CONCLUSION
The results of this study were not consistent with
previous scaling and matching data in terms of the gener
alization of an orderly relation of stimulus dimensions
to novel stimuli. Peaks of the generalization gradients
for novel background colors either shifted slightly to
the inside of the training range or did not shift at all.
The peaks were, however, predictable by the averaging of
S+ values. The data support a summation of gradients
analysis of matching and scaling data. The data may also
be understood in terms of the color circle phenomenon
for wavelength.
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